An adsorbent was prepared by the functionalization of 2-hydroxyacetophenone-3-thiosemicarbazone onto 3-aminopropyl silica by diazotation and characterized by Fourier transmission infra red spectrometry. The functionalized silica was evaluated for removal of lead (II) ions in aqueous solutions. The maximum adsorption capacity 385 μg/g was obtained with an initial concentration of 1,000 μg/L by the Langmuir isotherm. The results indicated that adsorption data could be fitted better by the Langmuir than the Freundlich isotherm. The adsorption kinetics followed pseudo-second-order reaction and the rate constants of kinetic model were calculated. The experimental results implied that functionalized silica has the potential to work as a good adsorbent for the removal of the heavy metals from contaminated water. This novel adsorbent was found to be easy to synthesize, simple, cost-effective and highly efficient and has potential application in the water purification field.
INTRODUCTION
Removal of trace amounts of heavy metal ions from wastewater is of great importance because of their high toxicity.
Lead is classified as a hazardous substance because of its high toxicity and cumulative character in living organisms.
Lead poisoning can cause hypertension, nephritis, abdominal pain, constipation, cramps, nausea, vomiting, behavioral changes, learning disabilities, reading problems, development defects and language difficulties (Liu et al. ) . Major lead pollution occurs through various process such as in the manufacture of storage batteries, painting pigments, ammunition, solder, plumbing fixtures, automobiles, cable coverings, radioactivity shields and bearings (Ake et al. ; Tunali et al. ) . Thus lead is an industrial pollutant, which enters the ecosystem through soil, air and water. According to the World Health Organization, the maximum permissible limit (MPL) of lead in drinking water is 0.05 mg/L (WHO ). Hence proper treatment of industrial wastewater which is releasing lead into the aquatic and land systems is very important.
There are several methods, such as precipitation, oxidation, reduction, electrochemical treatment, reverse osmosis, solvent extraction, adsorption, ion-exchange and evaporation, available to treat the metal-bearing effluents; most of these methods are expensive and difficult to apply (Volesky ) . Among these methods, adsorption has proved to be one of the most feasible; it is a simple, selective, cost-effective, easy to operate and highly efficient process for the removal of heavy metals from polluted sources. Various adsorbents have been reported, 
MATERIALS AND METHODS

Materials
All of the reagents used were of analytical grade. All laboratory wares used for analytical determination were cleaned first by trace metal grade nitric acid and hydrochloric acid, followed by repeated rinsing with deionized water. All the solutions were prepared with ultrapure water (resistivity:
18.2 MΩ cm,) from an Elix analytical reagent-grade water purification system. 3-Aminopropyl silica was purchased from Aldrich (characteristics: particle platform irregular, functionalized 9%, surface area 550 m 2 /g, mean pore size 60 A).
Calibration standard solutions and internal standards were prepared from commercial metal standard solutions. The quantity of metal ion adsorbed by silica (q e mmol/g) was calculated according to the following equation:
where C i and C e are initial and equilibrium concentration (μg/L), respectively. V (L) and m (g) are volume of the sample solution and mass of the functionalized silica, respectively.
The optimum contact time was determined as 10 min and used throughout all adsorption experiments. Uptake experiments of metal ions at different pH (3, 7 and 10)
were carried out in glass bottles (100 mL) containing functionalized silica (50 mg) with 20 mL of lead ions at an initial concentration of 1,000 μg/L. The pH was adjusted using 0.1 M NaOH and 0.1 M HCl. The residual concentration of lead ions was determined using AAS. The quantity of metal ion adsorbed by silica (q e mmol/g) was calculated according to Equation (1). The results showed that q e maximum observed at pH 3 (solution pH).
Solutions were prepared with lead ions concentrations of 500, 600, 900, 1,000, 1,100 and 1,200 μg/L and used to obtain the adsorption isotherm data on the adsorption process. Fifty milligrams of silica was placed in a series of glass bottles containing 20 mL of lead ions solution with above mentioned concentrations at pH 3 for 10 min. After equilibration, 5 mL of the solution was taken for the determination of residual concentration of metal ions by AAS. The amount of metal ion adsorbed by silica (q e mmol/g) was calculated according to Equation (1). To check the adsorption capacity of 3-aminopropyl silica, the starting material, the experiment was repeated. It was found there is no significant removal.
Kinetic adsorption experiment
The kinetic study was carried out at two concentrations (500 and 1,000 μg/L) at pH 3 keeping the pH of solution 
Fourier transmission infra red spectrometry
The functionalized silica was characterized using Fourier transmission infra red spectrometry (FT-IR) (Jasco FT-IR spectrometer model 610). The spectra were recorded by using KBr pellets.
pH measurements
The pH measurements were made on a digital pH meter (HACH, sension 1, model 51935-00) equipped with a gel-filled pH electrode. The meter was calibrated with the buffers of 4, 7 and 10.
RESULTS AND DISCUSSION
Characterization of material
A schematic representation of synthesis of 2-hydroxyacetophenone-3-thiosemicarbazone (1) is shown in Figure 1 . presence of absorption band of these groups confirmed that 3-aminopropyl silica was functionalized successfully with 2-hydroxyacetophenone-3-thiosemicarbazone.
Adsorption isotherms
The initial lead(II) concentrations (500, 600, 900, 1,000, 1,100 and 1,200 μg/L) were used for investigation of the adsorption isotherm. The equilibrium concentrations were obtained after 10 min of contact time. The amount of lead(II) adsorbed on the functionalized silica was found to increase as the initial metal ion concentration increased and continued up to 1,000 μg/L and leveled off thereafter (C e in Figure 5 ). The Langmuir and
Freundlich models were employed to describe the adsorption process.
The Langmuir model (Langmuir ) is given as:
where C e is the equilibrium concentration obtained from The Freundlich model (Freundlich ) can be expressed as:
where K and 1/n are Freundlich constants, indicating the sorption capacity and sorption intensity, respectively. The plot of log Q e against log C e gives the intercept and slope corresponding to log K and 1/n, respectively, from which both K and n are obtained (Figure 7) .
Results from analysis of both models are listed in Table 1 
Effect of pH
The pH of aqueous solution has an important role in heavy metal adsorption. This is partly because hydrogen ions themselves are strongly competing with metals (Forstner & Wittman ) at lower pH. Moreover, at lower pH, protonation of chelating groups also takes place, so complexation with available ligands is reduced and hence the percentage removal decreases. But at higher pH, salt formation occurs and percentage uptake decreases. The removal of Pb (II) ions were carried out at pH 3, 7 and 10; the best result was obtained at pH 3 whereas removal decreased at pH 7
and 10 due to salt formation (Table 2) .
Adsorption kinetics
The kinetic property of lead(II) adsorption on the functiona- A pseudo-second-order reaction is guided by the expression:
where Q e (μg/g) is the amount of metal ion sorbed at equili- It is found that pseudo-second-order reaction gives high correlation coefficient values, indicating that it is the model applicable to the present adsorption kinetics. The kinetic data for second-order assessment are listed in Table 3 .
It is apparent that the high adsorption rate corresponds to the fast equilibrium. This coupled with the Langmuir monolayer adsorption coverage suggests that the chelating silica has most of their chelating groups on or near the surface for easy access.
Lead(II) ions and functionalized silica interaction take place with different types of coordination Detailed kinetic studies of the fast adsorption process revealed that the equilibrium adsorption is attained with in a short time of 10 min. The adsorption rate follows the pseudo-second-order according to reaction constants (k 2 ) 0.2561 and 0.0748 for 500 and 1,000 μg/L respectively.
